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“WIIAT IS THE
CAUSED

~-ggs~
PROBABILITY THAT RADIATION
A PARTICULAR CANCER?”

George L. Voelz, M.D.
Health Division

Los Alamos National Laboratory
Los ~ldrIIos,NM 87545

ABSTRACT

Courts, lawyers, health physicists, physicians, and
others at-r searching for a cr(xlible answer to the question
IJOSMI in the title of this paper. The cases in which the
question arises frequently stem from an individual th~t h~s
cancer ant’ they, or their next-of kin, are convinced that a
past radiation exposure--usudlly smi.rll--is responsible for
causing it.

An arithmetic expression of this I)roblem is siml)lc: th(
prob[lbilit.yof causation by ~}Ic radiirl.iorlclose in qucstiun is
cqudl t.~ the risk of cancer from the rildiation clos(~divided
by thu risk of cancer from dll cduscs. The applici]tiorlof”
risk factors to this cquilti(~nis rmt so siml)lu. It must
involl(! c~rcful evaluation of th(l rcli,lbiliLy 01 lltd virri~-
tions in risk cocfiici(!nLs fc’rduv~’lulullcr)tof cilnc!!r(Iuu to
rildiltiorl(Ixllusur.c,oLll[’r’c,lt.ci,lo~(!nictIgOtlLS,irtd “r)i]~(l~dl”

Cill,lr(!rfor tlI(!l)JtLi(:ulurill(ilvidu(ll. I,x,mliniltionof ollr
kliol/l~dqcof tl]~~(!vclrious I’letor’s ir)dicCIL1’slh,ll d l,lt’gu
rilrd(!in lI)(!~lrlsw~ruCi]n tws(ilL dIIC L(J lli(’ v,lr’itll)ilily ,Ir)(l
iwl)rucision of thu dlltd. Ncv(!ritl(’lets,lI)(!dlL(wIIILs 10
CilCUld~(? d LII(l I]ruh,lt)iliLy Lhdl: l’d(lid~ioll udlls(!(l l,~lc Cdtlcur
1s cxlt-(m:ly IJSCI’111 iio provirh” u gro:,:;l](!l’:il~uctivu(III lIIC
l~r’ol)llljiIil.my u1’ cd Ii\,_rt, l(III. IL will Iil.(!lytoIIl(! ill or 0111. ,1
bigrli I ir;,lr)L r]ltmbcr (,)[” cd!; (’s (1(’hpil.(’Lll[’Iilllil.ilLiufl:;irl (JIII’

llrld(!l”!,L,lll(lirlfl:;01 [.h(!rliolo!jy of” Cdn(:(’r’,lfl(l[:h~!ri~l:!;ft’m
vllrioIJ:;I!1(:1,01’$.Iut’ Lli(!t’~’lll,lirlif)\JC,l:,[Ir)i] Lli(]ilqlllllil ,111(1

(!(Iu(;,]Lv(I,jll(l!jm(’rltI),Is(I(I(~rlSVI1.!CL(N1 (liIl, I iltl(l (:i IX: III III; I ,III(:(I:; 01

I,}I(! CdLII wi II dlso I)(IrM!(I(l(IdI)l!lur.(:L}lII(’xl)(II’l.c,lr](I(Iv(I1[)IJ
dII(l :;111)1I(Irl. hlr [)1 irliorl.

. . . .- ..-. . . . . . . . . .

InsmlllllllMorllll!illlll:ll:!i!i’I “’ill’’!:l)&&



Introdhction

The question in the title of this paper is a subject of immense interest
tcday. More cases are finding the!r way into the ~OLitY~t)Uis of our country each
year for a legal decision on qucs~ions of whether ionizing radiation is a causative
agent of hcalch effects in former radiatir,l workers or, in some special cases, even
mernbcrs of the general public. Cancer is the most likely disease for which the
questicn arises.

The word c~ncer is a layman’s term to describe a growth or tumor that is
characterized by potent.ially unlimited growth of CC1lS with loc~l expansion by
invasion of rm;ghborirtg tissues and systemic spread by metastasis. There are nlany
different types of cancer; each type callbe idcnLificd by recognition of basic CC1l
features that arc char~ct.eristics of the tissue or organ from which the cancer
drosc. Thcr~fc’rc, most cancers can be identified as to type. We do net. krlow
exactly how thu control of cell rcpr(rduction arclgrowl-h gets ch~nged to produce a
cancer. We know c~l]cer is ,]ota single disease and ciJribe causud by a varicLy of
circumstdnc(?s and agl-’nts, irlcludil]g gcnetfc heritage, agu, inlmunolcrgicdl
deficicncics, and exposure to p!tysicdl and chcmicdl agents. IL is not lJOSSiblQ to
identify the causu of ~ pdrticuldr c.]nccr by iinyclidgrlosLictest; a specific Lypu
of cdnccr aplwars to 1)(!LIICS(WI(J(Iiscasc rugilrcllr!$sof CLIUS(.. A l(?~i]l dctcrminaion
of the ciIuscof iicancer is CIdclrcsscclby iI surics of uxput’twitnc:i:iurrcviuwirlg thu
facts and I)rcs(lntinqarl opiniutl. The exp~t-L ol)irliollis, I]ul)(!fully,b~s(.d UII
l)r(?ser!L krlr:)il~ii~l., l;Hi ;L is rc~dily til)lururlltll,llLh[’ cxl)ut’1ol)iniorlsilr(’highiy
Vilriil[)lc iIrld dimctt’icdlly (JIJIM)SiLC Opjlli(JrlS all? frq[i~rllly for’tll(”ullir lg.

Thu Iulrl)or(:01 Lllis lIdlILIIS iz to di:;(:l!~sil muth(xl I.hdl (!xIIr(I~su!i1.11(.rlldiclLiull
(lrJ$udrl(lds~ucill[(?d CilDCCtG risk in Lt:rms 01 i)rubilhi;ilic$. lhi~ tyl)u of
(It:l.(!t-lllill,ll,iorl, wlli I(! iL m,!y po!i~ihly crtl(!rirlL()l.l!uollittiur)nf tint!!ijIIIt’Lwitm!:;b,
ib not. uol!m(lnly II$I!(I in l(I!III1 C(I!I I!!; il~ d rl[lnll’1.i~iildul(’rmirl,llion. $llctl d

lltq[)l)ill)iliLy c(,lc~ll,ll,ii]rlCUI1l(IIN! ub,’(1,1$ ~ I)rillcil],,l(lt!l.(!t’lllitltlrlL ,IL lu wlli’th(’)s
radil!tillrlw(i~ “i:l(lr(?Iii.uly Lh,lrl IK;L” Lu htlvu rtII151!d Llll!disu,l!x’. Collld !iIlcll ,1
tl[!l.[’l’ltlittLILiorl I’MIIICU thI! Limt! Ilrl(l cubl-$ ilwulvl’d illIitl!llllioll01” I.ll(::l(l(:11! 115”/ IS
I.tlt!l’[! l!riulls; tl il:l Ul”iil LILi{]ll ,lVi!ll(ll)l(! l,tltlt. l.hit LYIJ(*of HII$LIIULI cdrl IItxwid(!II b(!l IIl
LI tl\k/(!r”!; Lo f.fI(J {111[’’;!.i[)tl?~“iliI Lhu (:011;’1!, (JI. Ili!klrirlglIUlIrdh dvLtI;It .I mot-v
Ill,lllll:lililli[:,ll , d,it”:’ w! j,Iy ul),j(’(”Llv(!, 111(11.hIitl IUt’ ,It’t’lvirl!j,ItdtI drthw(’r?
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[?xmirll”,Lh( l(lu~lLIIi!l ,1 c,IIcIII,!L(IIIIlrd),ll)iIIty It d(’!;lr,il)l(!,IrnlIIIIIr I’ t-(’l iltl)lt! Lh,lrl
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)aper I would liko to explore, in a preliminary way, our knowledge about these two
;erms. Let us start with the numerator -- the risk of cancer after a radiation
~ose(s).

‘he Numerator -- Risk of Cancer After Radiation !lose

This meeting focuses on the epidemiologic methods and studies used to cstirnate
:he risk of inducing excess cancers in groups of people exposed to ionizing
iadiation. The result is us~ally expressed as the number of excess cancers
)roducc per million persons per rad. This is called an absolute risk coefficient
,ince it describes G specific number of excess cancers per million persons per rad.
‘he number may be the lifet;me risk or an annllal risk. This risk is considered to
Ie independent of the risk from other causes of cancer. The current ri~ estimates
:onmonly used are those of the National Academy of Sciences’ BEIR 111 rcgort or
he United Nation’s Scientific Connittee on the Effects of Atcrnic Radiation.

UnFortunatciy, no cm knows how reliable these risk estimates are. Thev are
:crivcd from epidmioloyic studies of human populations exposed mostly to doses of
O to 100 rw or above. The doses were mostly delivered at high dose ratus. In
lost lcgillCases, the racliatiorrdoses are low and delivered at low (Insrrates. The
ose-rcsi)onsc c~rvcs are not known for tkc~~ Lypcs of exposures and some
s~umpLions musL LM!IUNIP. Kcy ~ssulnptions for the lineilrmodel colmlonly used arc
Il(ltttlrri~l: is st.ric~ly prol)ortiontllLo t!lc do5u, indcpuncicr~Loi th(:close rate,
[IdvLl:listlcsoniy when the dose is zero.

Ollc of Lh(! conf.ruvc!rsilll issues itt ho(’rinqs. of COIIImSQ, is wh(lt t’~sk
o(il”ficicli~LIrU li]OsL rcli,lblu CIKIcrudiblu. iii.Ichcxl)crt CdII dcvclo) his or her
\/n 1 !i 1.

Inuml)crs iJfldL~.y Lo Cofwinrl! t.h(!courL thtrt sumcon(! CISG s is wrong.
Opullllly, i~l ~illw, d~Lii frcm q)idwlliulogic studies will corltirm or mculit”yrisk
[](!ttici(:lll.sso Lhlit.Lll(!t’(:ilr(! f(:w(!t’ disctv!lltlnci(!s01 Il:,ljot.l)t.oport,ions”such as
r-l!llr)\/ b(’il]{lh(?llt”d IIt (!d(~~l ~L]!i(! h(!t!ril.~. Tllu risk co(!fliri(!nl!, froI,I LIIQ
I:f”[!rv!fw(!r (Ii!:, (:t. il)(’[1 dl)ov(! ilrl! lI!(* II(I5I ilvoi 11.11)1(’, ~n(l iL !;(IIIIIIS drJul)L III] thdl. OH(!
rJIIld IIM1.(1 l)(!ll. ~r” slh.j(!cl.iv(! judqml!nL!;Lh(lriLo II1t[! ribk l!sl. iml;(ui m Cilt.Cf[llly
1“/l[!\/(![l ~S LIIII!;I:. All)licilLiotl U1 ttf)yIII(!III(I(I(J II)IIY, sllch {I:; C(IICII1,ILIUI1 of Lh(?
l’[J!J,ll)il ily of Ct![l’;r![. iofl, Illll!,l. l]I)L [ll][]ll)(itS LII” rcvi:,loll of rish coolfi(:iclll$~s
(!I,L[:I-(Ii]ftl l)(!~ulil~l ~lv[iiI~tl]l(!.

I} I(!I’[! dr(! otitlf’1” qll[!!;t. ion!; 01 illlll[)l.f..:llcl! in (Ii’l.r’ttlllitlitl!jrdi~li(.fl ri!k
wp’wi:,ll’1.0h~!l~~,I(li,ll,iull(li)I,i! IL l:[:t”!:.~;l””i,llf’ 1110:,1, ilnimrlcllld.. Ill Cd!; (!!; Of Cd flc(v’, ,,

11[’ ~lll:,l! 1.[1 I.III! l.i:, !,llI’ 111 CIIIM 1’1’ f)ri!j ill Ii(, !, 11111 IIIIC; II I.() LiIII iI(v15u IIII(:l (Iu:; im!ll: t..
t, i!, imi)[)rl,,llll, L() M)l.(! LiI,I1. ild,i’t’lt,tl (!mil. f.(’t’:, ,tt’1’ lrIIilli(Ililiy ilw[]iyud ill l,iILih[I
,1’ ,1!:, . 1(11’ lllll’ill) ’l’!, fll CI!l .,ll] 111.i Il!l II I,llt.,11 (ill!, (l 1.[) 111(’ [11’! ]!111 (11 1111. I’I’I’s L, iL i%
I’1.l’’,!,tll’.yIll ,I(i(lI Ill’ illll’1’lllli !Il(i (’xl .(~t’ 11,11 fil):l l”, . iilt’” iII’I)i)lfwt ot ,Is:i!lmill!
Ild!,llll,li)il. Ih)’,li {Ii’,1 l’~11111.il,l) Wi[hjfl [Ill’ I)lhly i!! 1)1,[’ (Jf I,tl(’ 11:(11.11(ii i I i(.111 1 mtl!ri lot”
[)1 ti i Ill (~) Il,li !111[1 I’Y1 l’tmlllli (11:’,l~i . N[l !,.y ’.ll’!ll 111)’ li(’1.l’l~lliflil!ll ill’{lililllil.i (:dll!;(ll,ioll CLIII
:JIIII1. II III, Ii ,1111.11 kII~”iI iII)l 111:1 i ~11 (*1’ IIotCI;. 11111~ (,,1: 1)1’l,y 11’,1’ Llll’ iIIII,l. ,tv,lii,ll~i(’ ~i.11.,! ,Im!
:, II W, IIVI 01 II IJI, I, III illi 11111icillm”ii~!lm



The Denominator -- Tntal Cancer !. of the ]ndividlJfil—.-

The tntal cancer risk of an dividual is ccmplex a.-d dynamic. A way of
estimating total risk is to start wiL the known in~idence of specific cancers in a

:Iopul zti on. Risk modifiers peculiar t~ the individual in question my be applied
LO this ba~[,line incidence. For a sin~”~ exposure to radiation, the calculation of
probability of Cdusation (P.C.) is as f{11OWS.

P. c. -— —
‘B+;t7ixC)

[1)

Hhcrc D is the organ close in rads (reins),C is the radiation risk coefficient
appropriate to
thirtcancer at
factor In this
signif~cantly.

the kind of cancer and age at exposure, B is the baseline rate for
the age when the cancer wiJs detected, and bl is any known Inodifying
individual that may bc expccteci to ch~nge the baseline Inciclunce

For multiple r~diiit ion l?xposurcs, Lhc formulo bcLoHIcs

pa (-a ❑
‘lcl + ‘% ““” ‘Xcx.—— ..-_.. -——.—

B + ‘“ ‘“ w! + I+L2... IIxLx
(2)

TIN L)u$(?lim incidcncu riilt’s for sli(!cificc,lr]c[:rsin the Ul)it(xlStatns drc
~vili]tih]:! ill l! II? l’(!lJurLui Lli(:Sllrvr!ill,lnc~, [Ipi$uwiology, i.rtl(lI.r]dI{nsult.s(S1.LR)
Jro~r.!l!lof thu NiltiuIl;IlC(iflcvrImititul.i!. lhls rclJorL pr~’s(:fILsinciduf]c(!,lncl
ilot”ti]l jLy (I,il,(; f~”(.).~11!)/3 - 19/7 lot” Lcn dr’uds in lhu Urlit(’(t St,ll.us, l!lus llJ(!r’Lo
ii co. It hils LIIP duLt.I (III ci:rlCcr”%, cldssifi(!d lIY L.ylw, tot’ dg(!, SIIX, color, i]fl(l

:Gugioi;.

~i!jllru1 S]ifJWS I.hl! cil,ll:!~irlgr,]L(!(1! cilr’r(’r”irlci(l(!rlc(’witotldg~I. Thl’ I’{IL(:

I rlcrr,’s[’s ril[]idlyi.lLl’l-tlljIIuL40 y(?l]i-~of (lg[!. III(! irmi(l(’rlc(’rdl(is US[’11for
,Il;clil,11.j rjg Ilrd),ll]iIiI.y11111:,1, Iw ~ll)lJtl(jllt’illl.(’[or.Lhu !,(:Xdrl(ldg(’ (II Lhr intlivi(lutll.
.Lhrlicil,yi:;dl:f; Ltl(’r” imlj(:rL11r114II C;ISt IIiII:t, (!tt dr]dt“lll.(v;fur LIII:d[l:lrul:rilll.l!gtwlillblII)IIld
)[! 115( ’(! il po:l~il)l(’.l{lILI’b irl (IiIl(~r’l!nl.!I(’l)!lt.,ll]tllclll~lrt’$i~m,Iy dl:lo IMI di I1(’r’~’rll
ly d f ,Icl, or 01” 2 or 3 in LOIIII! i II: I!, II III: II C;.

Iv’il,hift LhII Ilf:l’hldl.iorl li’{w wlli[:h I.h(’ b, II, IIl in(’ cdrl(:(’tl ifwidi)rlcu t.dl.(’ is
11’t’ivf!fltlt”l’ pt’fw!ill.“dI ] (II Iiv:l.:i ll-(JIII IWl II)!; III-n (’xll[’r’l~!fl(:(l:; rlolw,il1,()llIiI III II IIldl i[]rl.
;, 1(, L!II f:ll IIf! rll Ill,Il t(]fl ,tIIl ,IVLII-d!ll! Im’(litll[ t’,nli,ll.ioli
:’,ll ,11’,. IIIIII; 1111 ~:f}t’:’(vl.i(lll i:, IIII(I(I(YI Ilrllil:,h OLIILII”

.() Il,lvl’ (1{. (.111’1’(1(1.

ltl(’!ol’ 11,111!, 1,111’rl’1111’[’, llivl~ ISI1,II; [I IIdl II II v, I! I.111’;
It”tn llv{ll’1l~ :1’ 1’!:1 1“! ,11:11 ,11’ 11111 ftill,~,’,,llily ,11111).olf’i,il(~ f(It” ,111 ‘Iii.ll,ll l(ll:’l. 1111!,i:;
hII 1011,11,1111 [III’ t.ll10 hli.lli I.yifll: f, 1~1III., N.



Fmily history ~f ca:]cer is another factor that m~y ccuse one to adjust the
baseline cancer incidence rate in a few special situ~tions. For example, the
bredst cancer risk increases about 9 fold in ~ female whose mother had a histcry of
bilateral breast cancer at premenopausal age. In fact, for such an individual the
prcb~bility of cjetting breast cancer is greeter than 50 percent as a result of
their familial predisposition.

Another modifying factor is a history of other exFosures to carcinogens.
These most often will appc~r in an occupational history. Here too the appropriate
risk value will be most difficult to qutintify. In general, these cancer risk values
are less well known than tor ionizing r~diation.

The mailner in which one might modify basellne incidence for some of the
special risks just given ~s illustrations is a serious problm. Cancer risk from
carci nogcns, ganeti~ heritage, and other potential modifiers are not well
characterized. f?at~ available to modify baseline incidence to accaunt for such
variables is often not available. In general, it seems advisable to nle not to
modify bJseline incidnr;ce unless the special varizble for the individual exerts an
(!spucidlly strong known effect, such ~s ffictors of 3 or nwc, and then modification
f;lust bc c!om c~utiously.
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Discussion

A brief description of potenti dl sources of error in estimeti ng the cancer
risk after radiation, dose calculations, basel ine incidence rates, and other less
well-defined cancer risks may make one nervous on the use of a calculated
probabil ity of causation. One must remewbpr, however, that the method dcrnanc!s
several important requiremenLs. The risk we are calculating is for a person who
has developed cancer. This is not attributable risk for future cancers, but
applies only $or an individual who already h~s the disease. The cancer must be one
that is recognized as being inducec’ p~~enti ally by radiaLion as shown in the risk
coefficients. Further, tkc time relationships becw~en radiation exposure and t.hc
subsequent cancer diagnosis must be in coflcert with our knowledge of radiction
effe~ts. Thus, the latcrt period for many canc~rs is cxFectcd to be abcut 10
years, while for leukemia and bone cancers a latcct period of only two years would
oe more appropriate. The risk of excess cases of leukemia appe~rs to be gone by ?5
or 30 years after r~diation exposure.; thus, this limitation on time since e;.pGshre
/ould also be applied before c~lculuting the likelihood that the leukemia resu!ted
From a particular rw.liation exposure.

Inspection of a ttrblc of calcultitc:lprcbtil)ltiticsof c,lusation leads orw to
q]prcciatc the markd difl-f?~-cnccsL.!I~LJrc present for the sam(! radiiltion eXjJdSUN
IL’ (!iffurcnl clgcs. This is CIUUpriwdrily IXCKILISCof the marked cliffercnccs in thu
ncidencc r~l~(:5 fur thu dit~rt.cn~ tyll(fsof cdi:cur drld at vLlriou5 ,Igcs dIId dlso
Iiffercnt risk cuufficicnLs fur $lJCCjfiC cllrlcrrs ~flcr rddiilliorl.

lADI.I.I—-------

Al:~i[lllJl”i,Rl:;l;Ci)l.l:llr;[l.iiT!l

cd!,(’\1’(!l’I’?t!ioll-y(’tll”:~I’(”)sI{illl (! IIM’( ijiC OI’!l, !11 [)(1!. ‘)
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TASLE 11

BASELINE INCICEI’;CE

New Cases of Cancer Per blillion Persccs ?er Year

Exzmple: Leuke~iia (less chronic lymphccytic type) in white males

NOVI let US SLll)~)OSQ a white male is exposed to 1 raci of penetrating x-ray
diation to hi$ bon~ marrow at age 20. This might be equivalent to a recorded dose
2 rid on J pursunnel clos;mcter at the surface. The warl dcl;elops a lellkemia at

L! 25. Hhdt is the probability thtit his leukemia was caused by the radiation?
blc III shows the calcilldtiall of a probability of 8.7:;. This sugg(:sts there is
t a high prnb~bility thdt th~ radiation caused his disc~sc.

Tal)lc IV ‘Sho);sc~lculiitcd prob~bil itics uf c~ust:t+on t.hct d leukemia, other
an chronic lywph~cytic Lylw, mdy h~’;c PCSUILPCI frcl,]iJ 10 rcd do~e to the bone
rr-ow a: tig::nXI, 411, an~!L(). In (!il Ch CdS12, tlw irldi’~idll~l is dssumcd to havu
‘/(! 10;’(!(1 lcu~c!llic fiv(! ycilrs dftcr cxllosurc. Nrl !m(!ificrs drc tipillicdto the
~~1]III()Inci(!(:r: cu. ‘Ills ~!rd)chil ity of ciillsatiuil is ~lcJIIL 3 tires highur for the 25
,,rolci (471~ aS for Lh(!h!)y~!ili-old (1(?.;. Ncl.f?t.hcmp,jor effect of t.hubas[Ilinc
;iduncu if]rvrluciflg[iiu likclihcod LlltiL Ihu tiisc,lscwas ccuscd by LIICr,xiiiltion
LC ;JLLho uldur iJgPs.

TAI.+1.[: III—. ..—

l)li[)l:Al!11.ITY 01 CAUSA1lUII

I)i!; .[ !1;1.Prubdbi IiI.yof Cdrlc(!r
1“1’UII 1{,1(1 i ill.I 011 Ri:,1.

Lullllldt.(xlL(J“IoL,I!LtlrlcurRihk

l. XIll;ljll l:: I (!lll. olili ,,, t)l,tl(~l. I. II L!II [hrnniL l.YIiqlhuLyli :, i1:whi Lu ml!lu
[)r. f:llt.:;

1/,1:11 l;I~IIII x 1; i I,!,
11’1 :11” ““I IN l[ll’ 11( 1’ ~ (1{,!(1



9.s

25
45
tJ5

TABLE IV

V,71?I,\i31LITYOF PI?CNABILITY OF CAUSl,TIC;I(?.C.) !III1”HAGE

ExGmple: Leukemia in Nhite F!ela5 Years After 10 Rd Dose

13asclim Rdiztio ~ Total c
Incidence/106 Risk/10 Risk/lO” %P.c.

47%
22:
16%

The q!icstion rwnains ~g to the possible application of such calculations as a
‘ocedurc to im~:ro~;c the mdnrwr in which w(! tit.tc:;:~t Lo Mcminc c~usat.ion of
:Incers that occur ~ftcr a redi~tion exposure. The c~lculation requires the use of
Iltiplc fdctcrs, c:;ch of which cdrl be arl item fur argw::ent~tiorr. Olw possible
Ndntilqd 01 cd’culJLir7i P.C. ‘s is thzt Lhu procwdurc t]~!li~~focus attention to the
icc(!s 01 inlti“’llfiLionr~(;ili~cd for such dc:er’:lill~tian. Pres~O:ii,blyforrlal
?cogniLien of the VlIlUC in such c~lc[lltiLionswill bring added attcliLion to the
:CCIf“ur infot-miltiull Lo prwvi~!t! bi-!btcr cstimtit(!s.

A sw:[;r,d!,yl’cof”US(: IutqSllctld cdlcllllll.ioni~ the llo!,~ibilityLh,lt it could
Usl.d !1!,p(?)’:(I1 !rltdlliIli~Ltstllivr l)rorc[lurul“ct’cv,llu,lLiofluf Ilroh,lhilily of’

l:~tlLi[J1l.Itlill~[11.,::;l~,lrliculdt”ly ,q~llrlllumi,l[(’,01’l)oz~iht(:,wi11]c,l!,l!fitwulviII!;
I’lill:l i lit $ (:l:lill ‘1:!; ,11, iUll or [IL:(’1111,11.iorl(lldi:,[!.~:;(’.kliLh lu!li:;l,lLiv~!,l[llhoriLmy, it
Illf! !,(’l!il I,f ‘.l,iiJ],, Llllll. 1111 ddmi tli ‘il. IQI:I.i V(I (11’1 (!l”lili tllll. i lJfl llfl I II(! 111’dhlbi 1 i Ly (11
11:,,11, i(.lll (:1)’, id IJ(’ 211CL:III I; I ul i II f“(wnml {Il. i rlg d I-I!lIGI)II(IL1(I ,IIIWL’I. II(I icl Iy dn:l
“Jlir!lllil:, !l Iy. Itlll ,IIII; : tli :Il,r”,lt. iv(? lJI”[)(”l?IllirItWI)III(i l]l-ll(.ly[xlIj,yg,ll,ll~:t.i II!J LII(I
I:P!, !,llt”y i?lll)lli; ,lLi(Jll 011 .tl[! (;,l:; [’, (11’].ivi IIg ,1 Iir(ll)dl)i I i Ly 01 C1lll Sill. iotl, LII:[I uti Ilg
L!,; ’!.11[1 M.ll(’!lllll”, [)1” s{!l. ~.I (’11!(’111. !Iilililtlt. 1.(1 C[lt”t”l!lll. W[ll”klilllll’ s (: f!lil]’1”’ll~dl. i utl
II III II II II!, ff)l, 1~11III:, !ll,. IIL (Ij:; ,!l)i I il.ill~l.

lltIII illllllf’!,:rlf.t’t:’;lll! IJi I iii!; tll iotl i’;II!(I(:,lt’(’l[ii I“(IVilIwcl Lh~I hiq[.ut-.y,IIN1
)f)IiIJIIIII-I,(1:)”(1of !IIIIirwol’l[d iml iv illlllll . AIIy ,I~LIIi ui Iit IO,!I. iv,’ I) IC(I(:II(IIIIO(* 11:111,1 no:.
ilI~.I I.hl: IiI I.IIt. : f,,y (II I.111 (11’i.,liI:1 (!I 1.11(’1’1:”111l.llll:i~ III II![IIIII 1111’ lIIQ()[ [1([.i~:tt 01
1.11 kitl[”; [)i 1,1]1* (“,1’; (’. Al I I.tll’I’1l’:lll’ 111.!! (If II “III”UII !lJi I i [.y 01 (’,III:,,IL iofl’”



calculation me suit?ble subjects fcr such careful review. These include radiation
dose, radiation risk coefficients, baseli~e incidence, and other risk factors.
Such review 07 the values used in the calcul~tion might be more pertinent than the
current method of evalu~ting a more subjective expert witness statement.

It is likely that a review of many cancels alleged to be caused by radiation
~lillfall into either high or low values of prob~biiity of causation, for example,
~elow 10 percent or above 50 percent. As an administrative procedure, it app ~rs
thet a calcula~ion of probability, along with careful review of the appropt-iate
values to be used, ~iould serve well in determining the likely association df the
~ancer acd s radiation dose. The relatively smaller ruimberof cases falling in the
intermedi~te range, say lG to 50 percent, may be appropriate subjects for
additional review. It is apparent that scme form of appeal mechanism must be
available to all parties regardless of the calculatiofial results.

Review of the effect of this type of methodology on liability of employers is
already being per
:dusation method
‘furthermore, the ‘
established by
interpretation of
:he lFIW would use

ormed. Catlin and Parmentler” point out that the probability of
is shown to be quite sensitive to input parameter selection.
iabi?ity impact is highly influenced by the level of probability
aw as the floor for compensation of cancer cases. By
such legal language as “more likc”ly than not,” one might assume
50 percent probability as the level of liability. Only time will

;ell if such an assuniption is”correct. -

In my opirliorl, further review of this question is likely to show that
:alc~lation of prob:lbility of c~~sdion will ~ddrcss the question of association of
.aclidtion an(! cdnccr irl i:n Qfficient and effective manner for a nlajority of cases.
~reas of discussion or ~rguwnttition on the calculation will occur on the selection
)f q)prcpriztc p?rzmekcrs to usc and will serve to fucus on the most iniportant
“actors for detcrmininq caus.-,tion. Ever; in zhc~~ irissanccs, the procedure will IIP
)crfor-ming a useful fufictiori. Further-mcr-c, the neul for better dat~ on some of
,hcsc p~rt,:::eters will bccc[w apl)drcnt, if not al ready known, arlcl future
Ictcrmintitiorb will iwf,rovc es the necess~ry research ~ncl cxpcrier]ce is obtJincd.

Ur”c?uzlr-.’n

C~lcul~Lion of the prcd)~hility thdt c~llcer in dn illdiviciual is cau~wl by
‘,!cli~tion is limite(l irl iLs accuri?cy hy our krowlcdyc on the ovcr~ll causes of
dr;ccr. Cdf:cr’r risk ft-um rcclidt.icn is buttct- kl”i(:tlll t.llall rur ulhcr cdrcincgcrrs.
Lls(!s of ~t!ln~~r~]l(!g(!dto bc’ duc to r,lcli~Liorl hr-e cllrrcntly dcciclccl by expert
l?51. imLrly Lhd! 111~.Y n(,t. r(!flucl ~Ccl.iri:i.cly thu cCli:i)lUx rcli~Llonzhip of radiation
isk, l)t15[!lifl[! inci(i(!t)c(’ 0[ canc(!r, flgu, arlci ot,hcr rishs. Application] of CI
illculti!. iol] of pt-ul)(ll]i lily U( cms~l,ior;, r!rfl’itc cllrrur)t limit,ltiuns, dots focus
urwi(l(’l-~ticrr:z 011 Lhr)sc! f,lcLors t[lilL bcllrmorL directly 011 L.h(’ qllcstion. It scums
(!(l~ur),ll)ln thdL mlIIIy cdz(:s C(JIlld bc r(!solv~d by 1711 ddmir]i:L)’~tiv(! procudurc for
orkmtln”!; CClili)(?r15,1Lior] l,IW ii” the prt]!:,lbiliLycf c,mls~lioi~ i~ ~lx)vc or below
~’i-tl:it]Iililil’;, lN!r!It?l)2ai.m’;(~!I()I)drc(:lll,llr[d:l,LiliLyur’ b(Iiow 10 lJ~rC(?nL. Un
rltl~rlilc(lldli!VUlll[!:~L!Lhoughlflll ,irldcdlic,!Lc(l,jll(lylwrlLby Lhc cxlwrt hdsccl 011 Lhc
I,t!riIic [IJL,:,]r]dcil’clll;l~f,,lrl~.(}sot Lb{! c~s(:~ will ,IILU be” r]ccdcd to (IUVC1OIJand
lllllJ(Jrl.hi~ tlrl,]loi)irlion.
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